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Further resesrch on lrradlated bacon

. WIERBTCKL snd A. E. WASSERMAN

Agricultural Regearch, Sclence and Fducation Admlnistration, U.S5. Depatrtment of Agriculture, Eastern
Regionnl Research Ceuter, 600 E. Mermald Laue, Philadelphla, Pennsylvanla 19118, USA

Three lots of bacon were cured (A) without nitrite (0 ppm NaNO,); (B) with reduced nitelte (40 ppm NaNO,) and
(C) with commerclial level of added nitrite (120 ppm NnNOZ); ofher curing apents for the three lots of ﬁncnn
were 1.5Z NaCl, 0.3% sodium tripolyphosphate, 0.25% sucrose and 0.055% sodlum erythorbate, Vacuum patked

°? 0

aliced bacon of cures A and B were electron irradiated with 0.5, 1.0 and 1.5 Mrad at 5°C aud vompared Tor
gquality and microblologlcal safety with unirradiated bacon of cure C.

Tu preference tests all samples stored 17 days at 5°C showed pood quality. 1In color and odor legts on the
pumples gtored at 5°C under light up to 60 days, lrradiation preserved the bacon odor and color In B aamples
and developed au acceptable pinkish-red color in taw A samples. Without Irradlatlou the A anmples tubned
puttid after 30 days, and samples B and C became sour after §5 and 60 days estorage, respectively. ‘there wag
no indication of 1ipid oxidation in lrradiated gamples as shown by the TBA, PV and FFA data. Treadiatlon with
1.0 and 1.5 Mrad destroyed bacon spollage wlcrootrganlsms.

An abuged Btdrdge test at 27°C was conducted with vacuum packed bacon dnoculated with C. botul Lnum apoven,
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in which the bacon A and B was irradiated aud compared with unirradlated bacon C. Thé“}noculﬁicd pack gtudles
ghowed that 1.0 Nrad irradiated bacon of cures A and B is less likely to vaderpo spoilage aud Lo safer Trom

€+ botulinum hazatrd when dbused at 27°C than is the unirradiated € bacou cured with 120 ppm added NaNO,,.



Weitere Untersuchungen an bestrahltem Bacon

E. WIERBICKL und A. E. WASSERMAN

Agricultural Research, Science and Education Administration, U.S. Department of Agriculture, Eastern Reglonal
Research Center, 600 E. Mermaid Lane, Philadelphia, Pennsylvania 19118, USA

Prei Gruppen von Bacon wurden: (A) ohne Nitrit (0 mg/kg NaNO,), (B) mit neduzlertem Nitrit (40 mg/kg NaNO,)
und (C) mit kommerziell ueblicher Zugabe von Nitrit (120 mg/ﬁg NaNO,) gepoekelt. Andere Poekelzugaben waren:
1.5% NaCl, 0.3% Natrium Tripolyphosphat, 0.25% Saccharose und 0.055% Natrium Erythorbat. Rohgeraeucherter
Bacon der Gruppen A und B, vakuumerpackt, wurde mit Elektronen in der Staerke von 0.5, 1.0 und 1.5 Mrad bel
5°C bestrahlt und mit dem unbestrahlten Bacon ¢ fuer Qualitaetseigenschaften und mikrobiologisches Verhalten
verglichen.

Untersuchungen der Gesamtqualitaet (Annehmbarkeit) der drei Gruppen von Bacon nach 17 Tagen Aufbewahrung bel
5°C in Kuehlschrank haben hohe Bewertungen erwiesen. Die Bewertungen fuer Geruch und Farbe der Baconproben,
die unter Beleuchtung 60 Tage bei 5°C aufbewahrt wurden, haben erwiesen, dass der bestrahlte Bacon der
Gruppen A und B diese Qualitaetseigenschaften behielt und der bestrahlte Bacon oline Nitritzugabe die normale
Farbe des rohen geraeucherten Bacons hatte. Unbestrahlte Proben wiesen waehrend der Kuehlaufbewahrung
unangenehme Gerueche auf:: A-Bacon wurde innerhalb 30 Tagen faul; B-Bacon innerhalb 45 Tagen sauer; und C-
Bacon auch sauer innerhalb von 60 Tagen. Oxidation von Fetten wurde in den bestrahlten Bacon nicht nachge-
wiesen, wie die Laboratoriendaten von TBA, PV und FFA (frele Fettsaeuren) pezeigt haben. Mit der Bestrahlung
von 1.0 und 1.5 Mrad wurden die Bacon-verderbenden Mikroorganismen zerstoert. L

in einem anderen Versuch wurden die Proben von Bacon A und B mit Sporen von C. botulinum vor der Vakuumver-
packung tnd Bestrahlung geimpft und mit dem unbestrahlten, geimpften Bacon C im Laufe der Aufbewahrung beil
erhoehtei . - Temperatur von 27°C verglichen. pie Resultate haben erwiesen, dass Bacon A und B, bestrahlt mit
1.0 Mrad, frei von den ueblichen Verderbungsbakterien waren und einen hoeheren Widerstandsgrad gegenueber
der C. botulinum-Gefabr zeigten, als der unbestrahlte Bacon C mit 120 mg/kg Nitritzugabe.®



JANBDGE 1CCLEAOBAHKA [10 OBJIYYOlibIk BEHOHE
E. BEPBMUKMI n A, E. BACCEPMAH
E. WIERBICKL and A, E. WASSERMAN

Agricultural Research, Science and Education Administration, U.S. Department of Agriculture, Eastern Regional
Research Center, 600 E. Mermaid Lane, Philadelphia, Pennsylvania 19118, USA

Tpn naprum Gexons 05144 3ACOTOBJIEHBL, Ge3 mobapnenna HUTPATOB (A), C NMOHMKXOHHNM
ypoBseM BnTpuTa (40 ppm NaNO2)(B),n C KOMEpUYMUECKNMN KOJANYECTBHOM (120 ppm NaNO2) (C).
lpyrue aoGavknm Gsian: 1.5% NaOl,,b,Sﬁ naTpuii noaupocdar, 0.25% caxxapoaa u 0,055
naTpuit epuropbar. CripoxkoueHnHnii 6eKOH, napTuu A u B ynakoBaHHBlil nof BaKyymoM, GB1x
[OAiBEPrHYT eJieKTPOHHAMY OoOJyyeHnio aoaamm 0,5, 1.0 n I.5 Mrad B oxjaxZieHHOM BHUE

¢ nocJied)olMM MCCJHIEZIOBAHHWEM HA KA4YeCTBO M MUKPOOMOJIOTMYECKYI0 IOpYYy B CpaBHEnMio C
HeoGnyuonuuM Gewonom naprumn C. O6pasibi Tpox mnapTnii GEKOHS MNOJIy4WJN BBiCOKY o6y
OpraHoJieITUYECHKY0 OEHKY NOC/Ee XPAHeHuWA B XOJOANILHUKE 17 aneit. OGpasuum Oexona noasep-
rHyTe1 XpaHeHMi NOA CBEeTJIOM npn 5°0 B nporsxenun 60 aneil n MccJselloBaHbB L' HA Janax u
OKpaCKY, NOJYYWIM BH1COKNE' OUEHKM ANA o6nyuennoro Gemxona naprmit A n B. OGpasurl,
KoTophkle He noaBeprasnces OOJMyueHMI0 NPOABIAIN HENPUATHB1i 3amax BO BpeMi XpaHeHMA:
Berxon A 38 30 aneii, Gewon B 3a 45 ameil, a Gexon C aa. 60 aneii. Bexon naprtuit A u B,
ynamxopasnHklii 1OM BAKYyyM, He NIPOABWJI OKMCJIEBMA JIMNHAORB, Kak yxasano TBA, PV u FFA
(cpobofiible XMPHH1E KUCJIOTH1) BHBJMTHYECHKNMM AAHHBIMU. OGsyuenne zozamm 1.0 n 1.5 Mrad
NOJHOCTRIO YHUYTOXWIO MHWIOCTHBlEe MMKPOOPraHmaubi Geiona. Nccseanopanua Ha o0pasyax
OeKoHs 38paxeHHBplX cnopamu O.botulinum , O nocJselyounM XpaHeHueM IIpH HOBBLUEHHOI
remneparype (87°C) ykazanaum 4TO o6nyuyenuniit 6exon A m B zo3soit 1.0 Mrad He umeerT
MUKpPOGMOMOr nyecKoli nopun n npaAsua Gojiee BB1COKYW OXpaHY OT GoTyanaMa, ueMm HOMMEp-
yecran moGapka I80 ppm NaNOo B neoGayuennom Gexone naprun C.




Recherche avaucee sur du bacon irradle by E. WIERBICKI and A. E. WASSERMAN

AgriculturalAResearch, Science and Education Administration, U.S. Department of Agriculture, Bastern Replonal
Research Center, 600 E. Mermaid Lane, Philadelphia, Penusylvania 19118, USA '

3 lots de bacon ont été salés (A)sans nitrite (0 ppm NaNO,), (B) avec une quantité réduite de nitrite (40 ppm
NaNO7) et (C) avec uune quantité commerciale de nitrite ajoutée (120 ppm NaNO ). lLes autres agents de:salage
pour lus trois lots de bacon étaient 1,5% de NaCl, 0,3% de sodium tripolyphosphate, 0,257 de saccharose et
0,055% de sodium erythoibate. Des tranches de bacon des lots A et B emballées sous vide ont é1é irradiées
par électron de 0,5,1,0 et 1,5 Hrad a/5°C . et comparées avec le bacon non-lrradié du lot C au point de vue

de la qualité et de la sureté wlcrobiologique. '

Dans les analyses préférentielles, tous les échantillons conservés 17 jours a la température de 5°C se

sout Tévélés de bonne qualité. Dans les analyses de couleur et d'odeur sur les échantillons conservés a la
température de 5°C et exposés & la lumlére pendant 60 jours, 1'4{rradjation a conservé l'odeur et la couleur
du bacon des échantillons du lot B et a provoqué uune couleutr rose-rouge acceptable sur les échantillons cru
du 1ot A. Sans irradiation, les échantillons du lot A ont pourri apres 30 -jours, et les échantillons des lots
B et C sont devenus algres aprés respectivement 45 et 60 jours de conmservation. I1n'y avait aucun signe
d'oxydation lipidique sur les échantillons irradies tel que ceux montrés par les dounees de la TBA, TV et FFA.
1'irradiation de 1,0 et 1,5 Mrad a détruit les mlicroorganismes de détérioration du bacon.

Une analyse de conservation abusive 3 Ia'températuré de 27°C a été fiite avec du bacon emballé sous vide et
inoculé avec des spores de C. Botulinum, dans laquelle le bacon des lots A et B a ete irradié et comparé
avec le bacon non-irradie du lot C. Les etudes sur le lot inocule ont montré que 1,0 Mrad de bacon irradie
ded lots A et B a moins de chances de se détériorer et risque moins d etre: atteint du C. Botulinum quand
11 est conservé abusivement 3 la température de 27°C; que le bacon non-irradié du lot C tralté avec 120 ppm
de Nanoz'ajoutée. :



FURTHER RESEARCH ON IRRADIATED BACON

E. Wierbicki

Eastern Regional Research Center, Agricultural Research Service, Science and Education, U.S. Department o
Agriculture, 600 East Mermaid Lane, Philadelphia, Pennsylvania 19118, USA ) :

“INTRODUCTION

THIS paper presents additional data on production of bacon of high quality and consumer acceptance, free from
confirmable concentrations of nitrosamines (NA), processed without nitrite or greatly reduced nitrite addition,
while providing protection against C. botulinum by irradiation. Previous results of this series of investiga-
'tions have been reported, including presentations at these leat Research Worker Meetings (1-6). The .objectives
of this investigation were to determine: (a) level of irradiation necessary for the microbiological safety of
raw, vacuum-packed, smoked bacon pumped with 0 and 40 ppm added nitrite stored under refrigeration and at an
abused temperature of 27°C; (b) radiolysis products, and free radical formation and possible reactions in
irradiated bacon in order to obtain information required for the regulatory approval of irradiation processed
bacon for human consumption based on the chemiclearance principle (7); (c) shelf stability of irradiated bacon
‘stored under incandescent light at 5° % 1°C, including fat oxidation changes, if any; and (d) sensory quality
to assess the reproducibility of the process in comparison with the previous five experiments on irradiated
‘bacon. The microbiological and chemical studies are still in progress and will be reported separately else-
where by the principal investigators from the Natick Laboratories conducting this work under a research agree-
'ment with the Eastern Regional Research Center (ERRC). However, some of the results obtained to date will be
reported briefly in this paper, in order to cover the overall scope of the investigation.

EXPERIMENTAL

PREPARATION of bacon and methods of chemical and sensory evaluation were the same as reported previously (4,5).
Three lots of bacon were processed in a commercial plant and delivered within 3 hours after slicing to the
Natick Laboratory for microbiological inoculation with C. botulinum, vacuum-packaging, and irradiation the day
after packaging, using the Natick electron accelerator, with the doses of 0, 5, 10, and 15 kGy at 5°C (1 kGy =
100 Krad). The compositions of the three cures, with calculations based on a 12.5% pump and on 11% pickle
‘retention are shown in Table 1. Pumped belly yields of 112.5%, and the intended smoked yields of 100% were
obtained within the normal variations for individual bacon bellies (Table 2). HNowever, the pickle retention,
as given by the drained yields, was less than the intended 111%.

In our previous experiments, it was established that under pilot scale production added nitrite can be reduced
from 120 to 20 ppm and the desirable color and flavor in the product are still maintained (4,5). The present



experiment was carried out with 40 ppm nitrite to assure sufficient nitrite in the product for good color
development (8), even if pumped with equipment not providing good control over ingoing cure solution. Sucrose
concentration was reduced to 0.25% ('"low sugar") from the 0.75% ("high sugar") used in previous studies (1-6)
to obtain information on the microbiological safety of irradiated bacon cured with '"low sugar." At the time of
- slicing (18 slices per pound), three slices were removed from three sections of each belly (brisket, center,
flank) in each lot and blended together for proximate analyses. The results are shown in Table 3. Salt con-
tent (which is the most reliable index for cure distribution within bacon bellies) is close to the intended
addition of 1.5%. It should be emphasized that the product represents a "mild" cured bacon since the salt

- content is low compared to the concentrations found in commercial products. With this salt content, the water
activity of the product is higher than 0.93, which is needed to inhibit the growth of C. botulinum (9).

RESULTS AND DISCUSSION

Fat oxidation indices. In a previous study (5) irradiation of bacon containing 20 ppm nitrite at dose levels
of 2.2 to 15 kGy at 5°C did not cause changes in the fat oxidation indices (TBA, PV, FFA) due to irradiation
"and post-irradiation storage in a refrigerator, in the dark up to 25 days, the longest time investigated. In
the present experiment, no-nitrite and 40 ppm nitrite bacon, non-irradiated and 5 and 15 kGy irradiated, along
with the non-irradiated reference bacon sample cured with 120 ppm nitrite, were stored up to 60 days at 5°

-+ 1°C in a display case under continuous incandescent illumination. Both the irradiated and non-irradiated
‘vacuum-packaged samples, showed very low TBA and PV values (Table 4). Irradiation slightly increased the PV
values which, however, dropped to zero with storage time. There was only a minor increase in FFA in irradiated
samples. However, in non-irradiated samples, regardless of nitrite content, the FFA increased about three-fold
. during storage for 60 days, indicative that the lipases originated in the increasing microbial population
rather than being inherent in the bacon.

" In the course of previous experiments with irradiated bacon, it was observed that samples that lost vacuum

' because of damage to integrity of the packaging ("leakers") showed green-gray discoloration and developed a
§rancid odor. Therefore, an additional experiment was performed. The commercial 1-1b. bacon samples were used
"in which holes were punched with a 3 mm metal probe in the center of the packages before and after irradiation
with 15 kGy at 5°C. After storage in the display case under light for 5 days the punched packages showed
‘distinct gray discoloration surrounding the holes and the spots emitted a distinct rancid odor that was noticed
by experienced food technologists (Table 5). In the samples punched before irradiation, the gray discoloration
- was observed immediately following irradiation treatment. TBA and PV values dincreased. The increase appears
to be small because the entire 1-1b. samples were homogenized instead of using the discolored rings only, for
the TBA and PV determinations. This simple experiment indicates that in commercial production of irradiated
bacon, the "leakers" can be detected immediately after irradiation by formation of gray discoloration, removed
prior to sale, and used as "rework" in other processed meat products, as is a normal commercial practice.
‘Sensory quality. In previous experiments with irradiated bacon it was shown that irradiation of bacon with 5,
7.5, 15, and 30 kGy at 5°C and with 30 kGy at -30°C resulted in products of high consumer acceptance, with high




- scores for odor, flavor, and texture (1-5). In most instances the bacon cured without nitrite and with 20 or
40 ppm nitrite scored at the same level for odor, flavor, and texture as the bacon cured with the 120 ppm
commercial level of nitrite, indicating that in case of bacon, nitrite is not needed for odor and flavor devel-
opment. The only differences observed were in color when compared with the pink pigment of the nitrite-cured
bacon (1-5).

In the present study the effect of irradiation on color and odor was studied when the product was stored in a
display case under light up to 60 days (Table 6). The color and odor scores of five and above indicate accept-
able products. The color scores during the first test (20 days storage) indicated that 40 ppm nitrite was
‘sufficient to equal the color intensity of the 120 ppm nitrite cured bacon. They further indicate that irradi-
ation increased the color intensity of the bacon cured without nitrite, although the results are less pro-
nounced than observed in the previous experiments (4,5). It is now well established that irradiation restores
the original red color of the raw bacon by reducing metmyoglobin, the brown color of processed bacon cured
without nitrite, to deoxymyoglobin (10), the pigment of the raw uncured fresh bacon.

There were no significant differences in odor among all samples stored for 20 days under the light, and the

" products did not show any detectable off-odor. However, after 30 days storage, the odor scores for the non-
irradiated nitrite-free bacon dropped below the acceptable level and was described by panelists as putrid; .
after 60 days storage, the odor score was slightly higher but still objectionable and the off-odor detected was
_described as being putrid-sour. The non-irradiated nitrite-cured bacon, both with 40 and 120 ppm nitrite,
 showed decreased odor scores after 30 days storage; the odor scores dropped below the acceptable level after 60
- days storage. The nature of the off-odor, as judged by the panelists, was definitely sour after this storage
‘period. The irradiated samples, both without nitrite and cured with 40 ppm nitrite, maintained acceptable odor
"scores throughout the 60 days storage, and were described as having normal, smoked bacon odor. '
Consumer acceptance. Consumer acceptance was evaluated with volunteer taste testers at ERRC using the 9-point
hedonic scale on the product stored for 22 days. The bacon containing 40 ppm nitrite, both irradiated and

. non-irradiated, scored as high as the 120 ppm nitrite not-irradiated bacon at the P <.05 and <.01 significance
. levels, respectively (Table 7). Only nitrite-free, non-irradiated bacon was scored significantly lower than
the non-irradiated 120 ppm nitrite bacon at the P <.05 level. No other acceptance tests were conducted on the
_bacon samples in this study, since sufficient data on the sensory quality of nitrite-free and low-nitrite bacon
"have been obtained previously (3-5). This evaluation was performed only to confirm that high quality irradi-
ated bacon cured without nitrite, or with low nitrite, can be consistantly produced by a commercial processor.
Nitrosamines. Nitrosodimethylamine (NDMA) and nitrosopyrrolidine (NPYR), the principal volatile nitrosamines,
were present in fried non-irradiated bacon in each of the five previous experiments (1-4). In general, nitrite-
free bacon contained non-detectable (N.D.) to 1 ppb NDMA and N.D. to 3 ppb NPYR in the fried edible portion.

In the bacon samples cured with 20 or 40 ppm nitrite, the NDMA was in the same range (N.D. to 1 ppb) and NPYR
from N.D. to 5 ppb. Since nitrite-free bacon occasionally had detectable NPYR, possibly due to nitrite pro-
duced from nitrate naturally found in raw pork (5 to 15 ppm), or resulting from contamination from the tap
water and salt used for the cure preparationm, or during the smoking process, a special study was conducted




using distilled water to dissolve the curing ingredients and using the matched bellies, subdivided into three
sections, flank, center, and brisket. The results obtained (6,11) showed the following: a) there were no
nitrosamines in nitrite-free or 20 ppm nitrite bacon; b) there was no residual nitrite in 20 ppm or in 120 ppm
nitrite cured irradiated bacon; c) in 120 ppm nitrite cured bacon the level of NDMA averaged only 0.89 ppb vs
0 ppb for nitrite-free bacon, the amount of NPYR was only about one third (3.39 ppb) of the amount found in
non-irradiated reference bacon samples (9.28 ppb); d) irradiation (30 kGy at -40°C) destroyed from 79 to 92%
added NDMA and 69 to 88% added NPYR, thus suggesting that irradiation has a destructive effect on preformed
‘nitrosamines (11). o .

“In all previous studies on nitrosamine determination in bacon, the irradiation was performed on frozen samples,
‘since the general comnsensus is that irradiation in the frozen state produces less radiolysis products (12),
~thus improving the product flavor and acceptance. This is generally true for most irradiation sterilized meats
(13), but in the case of bacon, irradiation can be applied to the chilled product at 5°C, without affecting the
product quality (unpublished data for 30 kGy irradiated bacon at 5° vs -30°C).

The effect of irradiation temperature on nitrosamine formation was investigated on five bacon samples cured
with 40 ppm nitrite and irradiated at +5° or -40°C. Each bacon sample consisted of slices taken from the
brisket, flank, and center.portions of three different bacon bellies; subdivided into three sections, one slice
from each location being taken for the +5°C irradiation (30 kGy) and the adjacent slices for the -40°C irrxadia-
tion. The composite samples consisted of 9 slices of about 0.5 total weight. The NDMA and NPYR analyses were
performed on the fried portions and the fat drippings (11). The results are shown in Table 8. The paired

- comparison (t-test) showed no statistical difference between nitrosamines formed in bacon irradiated at two
temperatires. Since the nitrosamine levels in 40 ppm nitrite bacon are very low (Table 8) additional experi-
ments are required to verify the results in order to determine the precise effect of the irradiation process at
the lower doses (10 to 20 kGy), anticipated for use with vacuum-packed fresh bacon irradiated at refrigerated
 temperatures. . :
Microbiological safety. Previous studies showed that irradiation with 2.2 kGy was insufficient to destroy
common spoilage microorganisms in bacon, while 7.5 kGy was sufficient for this purpose (4,5). To investigate
‘further the effect of nitrite concentration and irradiation on the microbial flora of bacon, aerobic mesophiles,
yeasts, enterococci, staphylococci, lactobacilli, and coliforms were determined in non-irradiated 0, 40, and
120 ppm nitrite bacon and in 0 and 40 ppm nitrite bacon irradiated with 5, 10, and 15 kGy at +5°C. The micro-
biological studies were conducted on the vacuum-packed bacon samples stored for up to 60 days at 5°C and at
27°C. The preliminary data indicate that in 5 kGy irradiated samples some microorganisms survived, while 10
'kGy resulted in sterile products free from all bacon spoilage microorganisms for up to 61 days storage (the end
of the experiment) (14). In bacon samples with inoculated C. botulinum spores types A and B, irradiation with
15 kGy provided protection against botulinum toxin producticn for up to,61 days in the nitrite-free cured
bacon; the 40 ppm nitrite bacon had a few toxic samples after 61 days incubation. All the inoculated, non-
irradiated bacon containing 120 ppm nitrite (reference sample) stored at 27°C develeped swollen and toxic
samples. It is interestiqg to note, that im the previous inoculated bacon pack study, when 0.75% sucrose was




used, the 120 ppm nitrite cured, non-irradiated bacon had only two swollen and one toxic sample after €0 days
incubation (16). Also the use of the "high sugar" (0.75%) apparently inhibited C. botulinum spore outgrowth in
~ the bacon cured with the low nitrite level and irradiated with a dose lower than 15 kGy. In the present experi-
ment, when 40 ppm nitrite and 0.25% sucrose were used, most of the samples irradiated with 10 kGy produced
swells and toxin after 17 days, whereas in the previous experiment, when 20 ppm nitrite and 0.75% sucrose were .
used, the 10 kGy irradiated samples contained only nine swollen and five toxic of the total 20 inoculated
samples after 61 days incubation at 27°C. Since sucrose utilizing lactobacilli are destroyed by irradiation at
10 kGy, the pll level inhibitory for the C. botulinum growth and toxin formation may not be reached. BSucrose

~ also might have an effect on the repair of irradiation injured spores of C. botulinum similar to the effect
observed for NaCl (15). Additional study must be done to delermine importance of sugar for microbiological
safety of irradiated bacon. A more detailed report on the microbiological safety of irradiated bacon will be
published in a separate paper. However, at this time it appears that for vacuum-packed fresh bacon stored and
distributed.under refrigeration, an irradiation dose of 15 kGy is needed to provide protection against C.
botulinum under incidence of abuse temperatures during marketing and distribution (16).

Chemical study. The effects of Co®° and electron irradiation with doses 5, 15, and 30 kGy at 5°C and -40°C on
the volatile radiolysis products and non-volatile compounds resulting from irradiation of bacon cured with 40
ppm nitrite were investigated. ESR spectroscopy was also used to determine free radical formation. These
~studies have not been completed but the data accumulated indicate that the irradiation products are the same as
those found in other meats (beef, pork, chicken, ham) (7,12,17). The preliminary data on the ESR investigation
on irradiated bacon showed a typical ESR spectrum for triglycerides in bacon irradiated with 30 kGy at low
temperature (-40° to -160°C). These however, disappeared during defrosting of the samples (18). No ESR spectra
(i.e., no free radicals) are expected in bacon irradiated with doses of 15 and 30 kGy at 5°C; this, however, is
being investigated further. We wish to determine whether the radiolysis products and the free radical formation
and their decay in. irradiated bacon are qualitatively the same as those found for irradiated chicken, pork, and
beef and, consequently, whether the effect of irradiation within specified irradiation parameters (dose, tem

- perature), is the same for irradiated bacon as for other meats. The chemical data from other irradiated meats
are available (7,12,17), and for one meat (chicken) a thorough toxicological study including the animal feeding
experiments and related studies (mutagenicity, teretogenicity, protein efficiency, etc.) is nearly complete.
Since we will soon have the results of acute toxicily studies on irradiation sterilized chicken, conducted on
mice and dogs over a 3-year period (19), we do not anticipate needing similar studies on bacon. We anticipated
that by using the chemical data and applying the chemiclearance principle (7), irradiated bacon will be accepted
for human consumption by health authorities. ' : :

"PRELIMINARY CONCLUSIONS_

1. Irradiation effectively destroys C. botulinum, thus allowing production of "mild cured bacon" either without
nitrite or with greatly reduced nitrite. 10 kGy irradiation appears to be sufficient for destruction of indipe-
nous microflora in bacon; whereas 15 kGy appears to provide sufficient protection against C. botulinum during
abuse temperature storage (27°C). The protcctive effect of irradiation with 10 to 15 kGy against €. botulinum

in 0 and 20-40 ppm nitrite bacon is greater than 120 ppm nitrite in non-irradiated bacon.



2. Based on the results of all studies on bacon, it is concluded that an addition of nitrite is not needed for
acceptable odor and flavor of the product. For the production of the characteristic color of the product after
frying, 20 to 40 ppm nitrite addition is sufficient. '

3. Treatment of bacon with 10 or 15 kGy cof Co®? gamma ray irradiation, or electron irradiation, can be applied
to conventionally vacuum-packed products under conventional refrigeration. Freezing of the product for irradia-
tion is not required to obtain irradiated products of good quality.

4. The irradiated prodﬁct contains practically no residual nitrite and undetectable or only traces of nitro-
samines. Irradiation shows promise as being one of the most efficient alternatives for elimination or reduc-
-tion of ingoing nitrite in processed bacon.

5. Animal feéding studies on irradiated bacon to demonstrate its wholesomeness may not be necessary. Clear-
ance of the irradiated bacon by the health authorities for human consumption is anticipated based on the micro-
biological and chemical data, and applying the chemiclearance principle. ‘ o
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Table 1. Intended additions of curing
components to raw smoked bacon*

NaCl Sucrose Na-TPP Na-Eryth. NaNO

‘Lot % % % ppm ppm2
A 1.5 0.25 0.3 550 0
B 1.5 0.25 0.3 550 40
c 1.5 0.25 0.3

550 120

.*Calculated on 12.5% pump and 11% picklé
retention. .

Table 2. Processing yield data

Processing steps: A - B c
Number bellies/lot: 17 23 8
Raw weight, range (1lbs.) ‘10.4-12.6 10.2-13.3 -~ 10.0-12.2

Raw weight, ave. (1lbs.) 11.3 11.5 M1.3

 Pumped weight, range (%) 110.1-116.1 110.8-114.8 108.8-113.9
Pumped weight, ave. (%) 112.0 112.6 , 112.5

Drained weight, range (%) 104.7-111.6  105.4-110.9  108.5-112.1
Drained weight; ave. (%) =~ 107.5 108.7 110.1

Smoked weight, range (%) 93.3-103.4 96.2-103.8 18.1-102.9
Smoked weight, ave. (%) 99.6 100.3 100.6




Table 3. Proximate composition of the product

Proximate Composition

“Added

NaNO, - H,0 Piotein Fat NaCl P
Lot  ppm- % % % % pH Al
A 0 38.5 10.7 47.7 1.80 .17 6.00 .94
B - 40 36.7 10.7 50.0 1.55 .16 6.00 .95
c 120 32.8 8.5 55.8 1.49 .15 6.10 .95




Table 4. Effect of irradiation and storage on fat oxidation indeces
of raw smoked bacon, vacuum-packed, and stored under light of 5°C % 1°C

Fat 0 kGy 5 kGy 15 kGy
: Oxidn. : - :
Lot Index 1 30 60 1 30 60 1 30 60%*
A el .53 .44 .39 .48 .54 .62 .43 .52 .48
PV, 9 1.0 7 1.3 5 0 1.7 4 0o
FFA .37 .76 1.1 0.42 .54 0.55 .42 .45 .54
B TBA .02 .16 .16 .59 .32 .31 .52 .28 .28
- " PV .6 0 0 .9 0 0 1.2 0 0
FFA .32 .68 1.5 .30 .42 .55 .37 .57 .53
c TBA .70 .14 .12 - - - - - -
(120 NaNOy) ' : ; :
- PV .9 0 0 - - - - - -

FFA .40 JJb 1.2 - - - - - -

1 TBA = mg malonaldehyde per 1,000 g sample

2 PV = peroxide value, megs. 0, per Kg fat

3 FFA = free fatty acids as % oleic acid in the fat
*Days of storage under light of 5° % 1°C



Table 5. Effect of loss of vacuum on TBA, PV, and color and odor
of irradiated and non-irradiated bacon stored under light for 5

days at 5°C % 1°C

e ' Samples
Packaging per

damage treatment TBA Odor
None 1 .35 0.0 normal
(Good vacuum) 2 .27 0.2 fresh bacon
3 mm hole 1 1.03 0;9 5 cm gray, 10 cm gray slightly
in the center 2 1.52 2.6 ring discoloration rancid
before irrad.!
3 mm‘hole‘ 1 .22 1.0 5 cm gray ring - slightly rancid
in the center 2 .45 1.3 discoloration at discolored spots

after irrad.!

1 Irradiated with 15 kGy at SPC (1 1b. commercial bacon samples; assumed cured

with 120 ppm NaN0g):



Table 6. Effect of irradiation on color and odor of raw
smoked bacon, vacuum-packed and stored under light at
'5°C * 1°C

kGy . Color ' Odor

L at 1
Lot 5°C 20 30 60 20 30 60
A 0 5.30 5.1 6.7, 7.0 2‘73 3.2,
(0 NaNO) 5 5.4°  6.9% 6.22)° 6.2 7.1° . 5.8
15 6.2 * 6.02°¢ 6.3 * 5.8

B 0 7.6% 7.70 6.80 7.6 445 3.80C
(40 NaNOz) 5 7.027 6.1° 5.5)°C 7.5 7.3° 5.9
15 7.4 7.2% 5.4 7.5 7.5 .5.8

¢ o 7.3%% 6.2"¢ 408 7.6 5.3 4.2PC

- (120 NaNOy) | o

© LSD (<:05) 1.1 1.1 1.0 NSD 1.5 1.0

1 Days of storage under light at 5°C % 1°C.
*Discarded sample ("leaker" = lost vacuum).

abcd - Means within the columns with the same letters
. are not statistically different.

NSD = no significant difference,.



Table 7. Effect of nitrite level and
irradiation on preference of bacon
after frying

Acceptance Test, 9-point hedonic
s scale; n = 25
(ERRC Preference Taste Panel)

Added kGy
N3N02 at )
Lot ppm 5°C Mean P(<.05) (P<.01)

A 0 0 5.2 B A
o 15 5.7 AB A
B - 40 0. 6.2 AB A
40 15 6.2 AB A
C 120 0 6.5 A A

Means with the same letter are not

. statistically different. (Vacuum-

~ packed bacon sample stored in re-
frigerator for 22 days at 4° t.1°C).



. Table 8. Effect of 30 kGy Co®? gamma irradiation on
the nitrosamine content in bacon cured with 40 ppm
added nitrite and irradiated at +5 vs -40°C

Fried FPortions (ppb) Drippings (ppb)

+5°C -40°C +5°C - =40°C

Sample .
no. NDMA NPYR NDMA NPYR NDMA- NPYR NDMA NFPYR

11 3. N.D. & 1 b 1 5
2 1 5 N.D. & 1 8 2 7
3 N.D. 2 N.D. 2 2 5 3 10
4 ' N.D. 2 N.D. 1 1 4 1 5
5 1 2 1 11 6 1 5
Ave. 0.6 2.8 0.2 2.4 1.2 5.0 1.6 6.4

v

Paited t-test: no significant difference between the
+5° and -40° irradiation temperatutes (df = 4):



